
(γ,n) reactions : Do we n) reactions : Do we ) reactions : Do we reaction) reactions : Do we s reactions : Do we : reactions : Do we Do reactions : Do we we reactions : Do we 
care reactions : Do we about reactions : Do we them?
Shawn Westerdale
5 Oct 2021
Materials Meeting



2

2H(γ,n) reactions : Do we n) reactions : Do we )1H reactions : Do we reaction) reactions : Do we s reactions : Do we in) reactions : Do we  reactions : Do we acrylic reactions : Do we (C5O2H8)n) reactions : Do we 

Snell, Barker, and Sternberg. “Photo-Disintegration Cross Sections of Deuterium and Beryllium for the Gamma-Rays of Sodium 24 and Gallium 72” Phys. Rev. 30, 4 (1950)
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208Tl reactions : Do we γ reactions : Do we lin) reactions : Do we e

σ reactions : Do we ~ reactions : Do we 1.4×10-27 reactions : Do we cm2

2H+γ (2.6 MeV) → γ reactions : Do we (2.6 reactions : Do we MeV) → ) reactions : Do we → reactions : Do we 1H reactions : Do we +γ (2.6 MeV) →  reactions : Do we n) reactions : Do we  reactions : Do we (0.4 reactions : Do we MeV) → )

2.24 reactions : Do we MeV) → 

https://journals.aps.org/pr/abstract/10.1103/PhysRev.80.637
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Quick reactions : Do we (n) reactions : Do we ,n) reactions : Do we γ) reactions : Do we probability reactions : Do we estimate
● (1.18 g/cm3)×(1 mol PMMA/100.12 g)×(8 mol H/1 mol PMMA)× (0.0002 mol 2H/1 mol 

H)×(6.022e23 2H/mol) = 1.14e19 2H/cm3 
● λ = [(1.14×1019 cm-3)×(1.4×10-27 cm2)]-1 = 6.29×107 cm 
● Acrylic thickness = 5 cm
● P(γ,n)n) ~ 1-exp(-5/6.29×107) =  8×10-8 n/γ
● These neutrons will have ~400 keV and be produced preferentially moving toward the 

TPC (since γ’s come from outside)s come from outside)
● What is the flux of 2.6 MeV γ’s come from outside)s incident on the PMMA?

– Note: All γ’s come from outside)s incident on the PMMA can contribute,n) including those from other materials like the 
PDU’s come from outside)s (unlike for (α,n)n),n) where only α’s come from outside)s emitted in the material matter (ignoring boundary effects)
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How reactions : Do we does reactions : Do we this reactions : Do we compare reactions : Do we with reactions : Do we (α,n) reactions : Do we n) reactions : Do we ) reactions : Do we rates?

● (α,n)n) neutrons in C5O2H8 are mainly produced by 13C (1% nat. ab) with 
smaller contributions from 17O and 18O.

● The (α,n)n) cross section for 13C is ~1×10-25 cm2

● The abundance of 13C is 44× higher than the abundance of 2H
● 13C(α,n)n) cross section is about 70× higher than 2H(γ,n)n)
● There are ~16× more α’s come from outside)s in the 232Th decay chain than there are 2.6 MeV γ’s come from outside)s
● Commentary from Shawn: The acrylic is fairly radiopure. The question to 

me is if we need to be concerned about ’s from other materials incident s from other materials incident γ
upon the PMMA, rather than ’s from other materials incident s originating in the PMMA itselfγ

Estimate reactions : Do we by reactions : Do we Roberto
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